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The Economics of Power Generation 
Via the Shell Gasification Process 

P. J. Halbmeyer 

INTRODUCTION 

An SGP-based power station (SGP/PS) is based on the partial 

oxidation of fuel and differs from a conventional power 

station (CPS) in the following main aspects: 

1. In a CPS the fuel oil is burned with air at atmospheric 

pressure in a boiler where the heat of combustion is ueed 

t o  produce superheated high-pressure steam. 

In anSGP/PS the fuel oil is first partially oxidized with 

air at elevated pressure,whereby the fuel oil is conver- 

ted into a raw fuel gas. This gas, after removal of 

contaminants such as ash and sulphur, is eubsequently 

burned in a combustor and expanded in a gas turbine. 

2. In a CPS all electricity is produced by the expansion 

of steam in turbo-generators. 

In an SGP/PS electricity is partly produced by expaneion 

of gas in gas turbo-generators and partly by expansion 

of steam in steam turbo-generators. 

The SGP/PS scheme shows the following intereeting aepecter 

a) Recovery of up to 95% of the sulphur in fuel oil ae 

elemental sulphur is poesible with oonventional, well 

proven gas treating and sulphur recovery proceeees. 
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b) The high efficiency of electricity generation via the 

gas and steam turbine cycle compensates for the effi- 

ciency loss caused by the processing steps converting 

the high-sulphur, high-ash residuai fuel oil into a 

clean fuel gas. 

c) No emission of particulate matter. 

d )  Low emission of nitrogen oxides becauee of low flame 

temperature. 

e) Lower demand for cooling water than in a CPS,eince only 

part of the electricity i s  raised via the steam expan- 

sion (and subsequent steam condensation) cycle. 

f) The operation at elevated pressure results in the UBe 

of  compact, shop-fabricated, equipment. 
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residual fuel ojl as fuel to the power station. The SGP 

has been developed with special emphasis on the use of 

heavy residual fuel oil as feedstock and commercial oper- 

ation of the SGP units has shown that the reliability and 

on-stream efficiency of the process is high, even in cases 

where high-ash fuels are being processed. An on-stream 

efficiency of 95s can be taken as a realistic figure. 
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At present close to 100 units with a total throughput ex- 

ceeding 11,000 tons/d fuel have been, or are being, conetruc- 

ted. A power station based on the above concept but ueing 

coal as feedstock has been built in Germany.') 

DISCUSSION 

The conversion of the chemical energy of a fuel oil into 

electricity is usually effected by the following eteps 

(Fig. I); 

a) Complete combustion of the fuel oil with air at atmos- 

pheric pressure. 

b) Recovery of the heat of cornbustion by the production of 

superheated, high-pressure steam. 
P 

c )  Expansion of the eteam through a steam turbo-generator 

f o r  the production of electricity. 

d )  Condensation. ofthe steam and recycle of the condeneate 

in the form of boiler feed water to step b). 

In this process the eulphur present in the fuel oil is 

converted into SO2 and emitted with the flue gae to the 

atmosphere unless special equipment i s  inetalled for the 

reqoval of this 
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An SGP-based power ~ t a t i o n 3 ) ' ~ )  as envisaged here cons i s t s  

of  t h e  following s t e p s  (Fig. 11); 

a) P a r t i a l  oxidat ion of the fuel o i l  with a i r  a t  elevated 

pressure (10-20 e t m . )  f o r  the prochcficc of zav f u e l  gas. 

b )  Removal o f  the sulphur components (mainly H2S) from the 

raw fuel  gas.  

c )  Complete combustion of t he  clean f u e l  gas. 

d )  Expansion of t he  combusted gas through a gas expansion 

turbine,  coupled y i t h  an e l e c t r i c  generator,  f o r  the '= 

production of e l e c t r i c i t y .  

e )  Cooling o f  the gas turbine exhaust gas. 

f )  Recovery of heat i n  s t e p s  a) ,  c )  and e) i n  the  form of 

high-pressure superheated steam. 

g) Expansion of t he  steam through a turbo-generator for t h e  

production of e l e c t r i c i t y .  

h )  Condensation of t he  steam and recycle  of t h e  condensate 

i n  the form of b o i l e r  feed water t o  s t eps  a ) ,  c )  and e) .  
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Compared with a conventional oil-fired power station the 

SGP/PS shows three significant new elements. These aret 

1. The fuel gas Preaaration step 

In this step the fuel oil is first partially oxidized 

in a reactor at elevated pressure (15-25 atm.) with air, 

whereby the oil is converted into a gas with carbon mon- 

oxide and hydrogen as the main conetituents. 

The sulphur of the fuel oil is mainly converted into 

hydrogen sulphide,which component can eubeequently be 

removed with a conventional gas-treating eolvent. 

In Fig. I11 a scheme is given of the Shell Gasification 

Process (SGP). The main items of the SGP aret 

a) Reactor with combustor/gun assembly. 

b) Waste-heat boiler enabling the production of high- 

pressure steam. 

c )  Gas scrubber to olean the gas of carbon and aeh. 

d) Carbon work-up and recycle section. 

The operating pressure 

atmospheric pressure and around 60 atmospheres. 

pressure of the steam raised i n  the various waste-heat 

boilers ranges between 50 and 100 atmoepheres. 

of these units ranges between 

The 
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In the case d partial oridation with air, as envisaged f o r  

power station applications, the gas leaving the SGP will 

have the following compoeition when starting with a re- 

sidual fuel o i l  of 446 wt eulphurt 

i 
, 

This gas is free of soot and ash and ie subsequently 

treated for surphur removal. Since the gas contains 

C02 as well as the eulphur components H2S and COS, a 

number of alternative methode f o r  the removal of the 

Bulphur components and the eubsequent conversion of 

these component8 lnto elemental eulphur is to be con- 

sidered, for instance: 

a) Complete Femoval of C03 and H2S 

This ie poseible by using a mixture of a pbysical 

solvent and a chemioal eolvent such as Sulfino18), 
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which coneiets of Sulfolane (tetrahydrothiophene 1.1 

dioxide) and DIPA (di-ieo propanol amine). 

vent completely removes the BpS and the COS but at 

the same time completely co-abeorbe the Cop. This 

reeulte in a considerable dilution of the E29 feed 

to the subsequent Claua unit, where the E25 i e  con- 

verted into sulphur. A special design for the Claue 

unit i s  therefore required i n  this case. An overall 

sulphur recovery of 9596 oan be obtained. 

Such eol- 

t 

b) Selective removal of HpS 

i 
t 
4 

I . 
? 

i 

This i s  possible by ueing a chemical solvent such a8 

di-is0 propanol amine (Shell M i p  prooeee)8), which 

completely removes the QS but only part of the Cog 

and COS. 

in the feed to the Claue unit is obtained, making 

the design of the Claue unit ehpler  but at the cost 

of a lower overall sulphur removal efficiency, which 

will be of the order of 85-9096. 

special design features in the eulphur reoovery unit 

(Claue unit), this figure can be increased by up to 

5 points. 

In this way a reaeonable %S oonoentration 

By incorporating 
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2. The euperoharRed boiler 

The clean fuel gas, ae produoed in the ga@ifiOatiOn/ 

deeulphurieation seotion, is burnt in a superohargea 

boiler at about 10-20 atm. In thle boiler the high- 

pressure eaturated eteam produoed in the waste-heat 

boilere of the gaelflcation unit le superheated, 

The euperoharged boiler has the following advantage81 

a) By application of euoh a boiler'the steam oonditions 

are maae maepenaent cf the gee turblnr outlet temp- 

erature. Thio meane that the steam superheat temp- 

erature can be 540°C instead o€ 350 to 400°C if the 

eteam le superheated in a non-fired 8.0 turbine ox- 

hauet boiler installed dometream of a gcre turbine 

with an inlet temperature of 850 to 95OoC (preeenf- 

day technology for  induetrial gae turbines). 

higher steam euperheat temperaturn results l n  a 

higher net effioienoy f o r  the power etation. A 

fired exhaust boiler, although euperior to o non- 

fired one, would ehow higher stiok loeser as oompared 

with a euperoharged boiler. 

The 

b) The high gee pressure and the high heat transfer 

ratee result in a compact boiler, whioh i e  fully 

ehop-fabricated. 

I 
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c) It is expected that the nitrogen oxides emission will 

be lower than in direct cornbustion of the gas in the 

gas turbine combustion chamber. 

By controlling both the cornbustion air doeage and the 

amount of steam superheated in the boiler,the temperature 

of the gae leaving the supercharged boiler can be regu- 

lated. This gas i s  sent to the gas expansion turbine. 

3.  Gae expansion turbine 

The incorporation of gas turbines in natural gas (or 

light distillate fuel) fired power stations is finding 

increasing application both becauee of the high effi- 

ciencies that can be obtained and/or because the capital 

cost for euch power stations ie relatively 10~9). 

important aspect of using a gas expaneion tmbine is 

that the inlet temperature of such a turbine can be 

coneiderably higher (at present 8 5 O o C  - 9 5 0 O C )  than the 

temperature at which a steam turbine oan operate ( 5 5 0 O C ) ,  

th$e governed by the fact that steam-raising and super- 

heating at higher temperaturee, a8 well as providing 

suitable turbine caeings for high-preseure/high- temper- 

ature eteam, meete with great technical problems. The 

combination of a gas expaneion turbine oycle with a 

steam 

An 

expaneion cycle therefore enables the conversion 

i 
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of heat into electricity, starting at a very high temp- 

erature leve1,which favourably affects the conversion 

efficiency. 

Another important aepect relevant to the use of gas tur- 

bines in power statione is the reliability and availabi- 

lity of the gas turbine. The use of gas turbines in 

power statione generally has been oonfined to those 

power stations that are operated for peak-ehaving pur- 

posee,for which duty the low capital costs are of advan- 

tage and availability ie of lesser importance. Recent 

reports indicate that the availability of the gee tur- 

bine cycle oan be better than that of the steam turbine 

cycle9 ) and aleo that long periods between maintenance 

are being obtainedlO). 

confidence in the reliability and availability of gae 

turbines is their use in high-capital natural gas lique- 

faction plante” 1. 
’thata steam temperature above 55OoC oan be obtained, 

mainly because of very great material problems encoun-’ 

tered in the design of the steam turbine, boiler and 

superheater. There are, however, promieing indications 

that, through a combination of blade cooling techniaues 

and blade material Bevelopments, the allowable inlet 

temperature of gas turblnee will continuously be in- 

creased. This means that the efficiency of converting 

heat into electricity can  be expected to gradually 

An example of the increasing 

As already stated, it seems unlikely 

i 
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increase for power stations incorporating gee turbine@. 

In Fig. IV a forecast of gas turbine inlet temperature 

progression, as given by United Aircrafti2), is presented. 

EFFICIENCY OF SGP-BASED POWER STATIONS 

The combination of the various elements of an SGP/PS, aa 

described above, together with a conventional ateam oycle 

leads to a power station (Fig. V) where the efficiency 

loss caused by the clean fuel gae preparation step is 

compensated to a great extent by the high heat-to-electri- 

city conversion efficiency obtained through the inoorpor- 

ation of the gas turbine. In Table I the effect of the 

gas turbine inlet temperature on the overall efficiency 

of the SGP/PS is shown. 

Table I 

Ef fici enciee of SGP-based Power Statione.) 

- 

Gas turbine inlet 
temperature, OC 

Plant efficiencs $ 

Percentage power ex gas 
turbine cycle, $ 

Steam to be condensed, kg/kWh 
as 5 of conventional power 
station $ 

- 
1000 

40.8 

29 

81 

- 

- 
1200 

43.0 

35 

74 

- 

- 
1400 

44.7 

40 

69 

- 
a) The efficiency of a CPS comprising steam turbine8 with 

an efficiency equal to those used in the above SOP-based 
power stations was oalouleted to be 39.596. 
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From this table it o a n  be concluded that at a gas turbine 

inlet temperature of around 900°C the efficiency of an 

SGP/PS is equal to that of a conventional oil-fired power 

station. This means that at 900°C the favourable effect 

of this high temperature level on the overall plant effi- 

ciency has fully compensated for the efficiency losses 

r;auur;u uy uu- * L A P I  100 yIoya.*o"*"y """&,. 
- - *. .. .- _ _ _  _ _ _ _ _ _ _  *,__ -A,-- 

An interesting aspeot is that, eince in the SGP/PS eleo- 

tricity is generated both by a gas expansion cycle and by 

a steam expansion cycle,considerable freedom exists in 

optimizing towards alternative aspects such as efficienoy, 

capital outlay and cooling water requirement. If, for in- 

stance, thermal pollution ie an important consideration, the 

cooling water requirement can be reduced by diverting part 

of the steam into the gae expansion cycle. In this way 

electricity generation via the gam expansion cyole is in- 

creased, azla+hecooling water requirement for steam conden- 

sation i a  decreased. This scheme would of ooums at the 

same time decrease electricity generation via the steam 

cycle and would result in consumption' of boiler feed water. 

It has been calculated,for instance, that at 85OoC turbine 

inlet temperature a steam injection into the gas turbine 

: I  
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inlet stream at a rate of 2.5 kg/kg power etation oil feed 

would have the following effecte (compare Table I): 

Percentage power ex gas turbine cycle would increase from 

Z!4$ to 3696. Steam to be condensed would be reduced from 

87% to 60s (kg/kWh ae $ of conventional power etation). 

Plant efficiency would be reduced from 38.5% to 37.796. 

ECONOMICS OF SGP-BASED POWER STATIONS 

In Table I1 the economice ofakSGP/PS are compared with 

those of a conventional power etation. Some uncertainty 

exists about the capital cost figures 

SGP/PS schemes 

This aspect I s  

The additional 

the costs of a 

given. 

under investigation. 

used for the varioue 

coete incurred in the SGP/PS ae compared to 

conventional power etation are charged in 

this table ae a "eulphur removal coat" against the fuel oil 

used. 

with alternative way0 of removing eulphur from fuel oil. 

In thie way the operation of auSGP/PS can be compared 

Such an alternative proceee fa, for instance,the hydrodeeul- 

phurization of residual fuel oil (the eo-called "direct 

hydrodeeulphurisation proceee"). This process resulte in 
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desulphurizatlon gosts ranging from $200 to #360 per ton 

sulphur removed, depending on crude or ig in1 3 )  (for residual 

oils of certain, high ash content, crude types hydrodeeul- 

phurization is not yet feasible). 

Table I1 

Economics of SGP-based Power Stations 

Basis: 200 MW unit; 6000 hours annual eervice period; fuel 

with 446 wt sulphur; 9046 deeulphurisation. 

Operating ooete plus a capital charge taken as 20.5% 

on capital (596 for operating, maintenance and over- 

head, 0.556 for catalysts and chemicala, 1556 for re- 

payment of capital, t= and return on capital). 

Sulphur credit: $20/ton. 

Conventional I- I Power Station 

Turbine inlet temp., O C  

j Plant efficiency, 6 ’ Capital US $ x 106 a) ! Cost of sulphur removalb) 
i b/barrel/$ S 

.$/‘ton s 

39.5 
40 

approx. 250”: 

approx. 40’) 

~~ 

SGP-based 
Power Station 

I I1 I11 Iv 

850 1000 1200 1400 

38.5 40.8 43.0 44.7 
48-46 5 48-46 46-45 48-44 5 

165- 134 130-85 96-26 70- -14 
11- -2 26-21 20-13 15-4 

a) The capital figures are taken from a 1970 Shell/Suleer 

study39 7)  comparing a 200 MW CPS with a two-etage ex- 

pansion SGP/PS and escalated for 1972. For Caeee I, 

I 

t 

172 



I 

i 

I 

I 

i 

11, I11 and IV two aesumptions have been made; 

1) Capital remains 48 and 

2) capital is reduced proportionally with the increaee 

in the gas turbine contribution to power generation. 

b) Calculated on the basis of the difference in price 

between high-sulphur fuel (for the SGP/PS) and the clean 

fuel (for the CPS) at a conetant electricity price. 

c) Hydrodesulphurisation of long residue (oost can be as 

$360/ton S or 657/barrel/$ S13)). high as 

From Table 

station UB 

I1 it can be ooncluded that an SGP-baaed power 

ng currently available gae turbinee with an 

inlet temperature of 850°C reeults in "sulphur removal 

costa1* that are of the order of 60 to 70$ of the costa of 

alternative desulphurieation techniques. 

A further increase in the gas turbine inlet temperature 

would result in a substantial reduction of the "oulphur 

removal costs" of the SOP-based power station. 

CONCLUSIOBS 

Compared with a conventional oil-fired power etation,the 

SCP/PS has the following attractive characteriaticer 

I 
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1) Sone 905 to 1355 O$ the sulphur in the fuel ie not emitted 

t o  the atmosphere but f a  recovered a8 elemental sulphur. 

The "eulphur removal coete" compare 

the m e t e  of alternative desulphurieation techniques. 

favourably with 

2) No emiseion of particulate matter. 

3) Low flame temperatures are applied,which o a n  be expected 

to reeult in low enieeion of nitrogen oxidee. 

5) The operation at elevated preeeure reeulte in the uee 

of compact, ehop-fabricated equipment,whfch will have 

a favourable effect on conetruotion time. 
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FIG. II 
BLOCK SCHEME- PARTIAL OXIDATION BASED POWER STATION 
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FIG. Y 
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